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(57) Abstract 

Disturbance detection is used to detect anomalies in the behaviour of the data signal. The data signal may for example be a readout 
signal in an optical drive. An upper and a lower-envelope signal value for the data signal (4) are determined in a detennined time interval 
(A(m-l)). During the following time interval (A(m)) a difference value is computed by subtracting from each other the values of the lower 
(s7) from the upper (s6) envelope signals. A disturt)ance is detected in case the difference value is smaller than a predetennined border 
value (S). 
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Disturbance detection in a data signal 



The invention relates to the field of disturbance detection in a data signal. 



Disturbance detection in a data signal is used to detect anomalies in 
5 behaviour of the data signal. The data signal may for example be a readout 
signal in an optical drive like a CD or DVD - player or any other type of data 
reading device. Disturbance detection is required to initiate a freeze of some 
parts of a data acquisition and servo processing system while data is not 
usable due to for example black dots, scratches, silver dots or fingerprints on 
ID a data carrier. It is advantageous to recognise disturbances as fast as 

possible in order to fix the data acquisition and to release it again afterwards. 

The data signal has a dynamic behaviour, which may be confined between an 
upper and a lower envelope. In case of a disturbance in the data signal the 
dynamic behaviour Is modified and a difference value which is equal to the 
IS subtradtion of the values of the upper and lower envelope between each other 
may become smaller than a predetermined border value. Monitoring the 
difference value allows determining whether it is smaller than the 
predetermined border value in which case a disturbance in the data signal is 
detected. 

20 . However, a delay occurs between the occurrence of a defect and its detection 
because the envelope signal in analogue circuits is formed from the data 
signal by a peak detection circuit or a low pas filter. In digital devices, the 
upper envelope is set to a value equal to a value of the data signal if the value 
of the latter is greater than the upper envelope value. If during a determined 

25 period of time the upper envelope value has not been increased then it will be 
decreased stepwise by a predetermined value. 

The lower envelope is, in a way similar to the upper envelope, set to a value 
equal to a value of the data signal if the value of the latter is smaller than the 
lower envelope value. If during a determined period of time the lower 
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envelope value has not been deareased then it will be increased by the 
predetermined value. 

Hence if the data signal is disturbed, e.g. it adopts a relatively low dynamic 
behaviour, the upper and / or lower envelope values tend to approach the 
data signal value and the difference value becomes smaller than the 
predetermined border value. A time delay in which the upper or lower 
envelope values reach a value near to the data signal value depends on the 
period of time, as the upper or lower envelope values in case of fast changes 
follow the data signal value, especially, if the envelope values stepwise 
decrease or increase as mentioned above. The time lapse appears to be 
relatively long in most cases of disturbance. As a consequence the detection 
of the disturbance, which is done after the time lapse, is delayed by a 
relatively long time following the effective occurrence of the disturbance. 

It is an object of the present invention to reduce the time lapse occurring 
between a disturbance in the data signal and the detection of the disturbance. 

It is another object of the present Invention to have a time lapse of a 
determined length between the disturbance and the detection of the 
disturbance. 

The problem has been solved according to the features in the independent 
claims. Advantageous embodiments are described in dependent claims. 

The disadvantage of a delay between data and envelope signal will be 
avoided if instead of a usual envelope signal an envelope signal is used 
which corresponds more to an evaluation signal, which is formed in such a 
manner that values of the envelope signal are set equal to a corresponding 
value of the data signal taken in a predetermined time interval. Setting values 
of an envelope signal equal to a corresponding value of the data signal taken 
in a predetermined time interval has the advantages that an envelope signal 
has been generated having a constant value for a predetermined time period 
and also follows very quickly the value of the current data signal independent 
whether the data signal increases or decreases. Due to setting the values of 
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an envelope signal equal to a corresponding value of the data signal taken in 
a predetennined time interval a delay between the data signal and the new 
kind of envelope signal corresponds as maximum to the length of the 
predetermined time interval and it is independent from changes in the data 
5 signal. The new kind of envelope signal follows immediately the data signal . 
independent of an increasing or decreasing data signal. Therefore, a 
disturbance signal very fast can be generated by evaluating the new kind of 
envelope signal. Such disturbance signals are for exarriple the well known 
defect or mirror signal. 

10 The predetermined time interval is equal or longer as a maximum run length 
of the data signal. The maximum run length of the data signal corresponds for 
example to 1 1 clock periods in case of a CD. The upper or lower or both 
envelope signals have to be formed in the manner as mentioned above 
dependent on the manner in which the data signal has been generated and 

15 according to the kind of disturbance that has to be detected in a fast manner. 
For example, a threshold value for the upper envelope curve can be used to 
generate a defect signal in case of a direct current coupled data signal as it is 
well known from the prior art. The mirror signal is similar generated in such a 
case. The difference between the upper and lower envelope curve is mostly 

20 used in case of an alternating current coupled data signal. The invention is 
applicable to any kind of data signal and disturbance signal generation. 

The values of an upper or lower envelope signal are set equal to respectively 
a maximum and a minimum value of the data signal taken before in a 
predetermined time interval and the computing of the difference value 
25 between an upper and a lower envelope signal is done in a time interval 

subsequent to said predetermined time interval in which the envelope signals 
have been formed. In a preferred embodiment the predetermined time interval 
and subsequent time intervals are taken to be of equal length. 



Several predetermined time intervals are used in an overlapped manner in a 
30 further embodiment for a further reduced access time in which the envelope 
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value will be set to a corresponding value of the data signal. In such a way 
different periods can be generated for example dependent on the direction of 
the data signal. The predetermined time intervals are therefore anranged in a 
phase-shifted manner. 

Values of a lower envelope signal are preferred set equal to respectively a 
first average value and a second average value of the data signal taken 
before in predetermined time intervals of different length to generate a mirror 
signal. 

According to an embodiment of the invention, a method for detecting a 
disturbance in a data signal comprises the steps of 

• obtaining a lower and upper envelope signal for the data signal by setting 
the values of the lower and the upper envelope signal equal to 
respectively a minimum and a maximum value of the data signal taken in 
a predetermined time interval. 

• computing a difference value by substracting from each other values of 
the lower from the upper envelope signals, 

• determining a disturba[nce if the difference value is smaller than a 
predetermined border value. 

A device for detecting a disturbance in a data signal comprises 

• an envelope generator, an input of which receives the data signal and 
providing an envelope value according to a value of the data signal 
received in a predetermined time interval, 

• a disturbance signal generator which receives signals representative of an 
envelope generated by the envelope generator and 

• a register interface which outputs to the envelope generator a signal 
representative of a predetermined time interval and to the defect signal 
generator a signal representative of a predetermined evaluation value. 



For carrying out the method as mentioned above said disturbance signal 
generator receives signals representative of an upper and a lower envelope 
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generated by the envelope generator giving to the upper and lower envelope 
value respectively a maximum and a minimum value of the data signal 
received in the predetermined time interval. The register interface provides a 
predetermined border value as evaluation value and the disturbance signal 
5 generator is in this embodiment a defect signal generator which computes a 
difference value by subtracting the lower envelope from the upper envelope. 
The defect signal generator generates a defect signal if the difference value is 
smaller than the predetermined border value. 

In the following, examples of carrying out the invention will be described 
10 referring to drawings, wherein 

• Fig. 1 contains a graph of an upper and lower envelope signal to illustrate 
a prior art solutipn, 

• Fig. 2 contains a graph of an upper and lower envelope signal to illustrate 
the invention, 

IS • Fig. 3 contains a block diagram of a device according to the invention, 

• Fig. 4 shows an upper and lower envelope signal to illustrate the envelope 
generation according to a prior art solution, 

• Fig. 5 shows the result of using an increased envelope update counter to 
illustrate the envelope generation according to a prior art solution, 

20 • Fig. 6 shows the comparable result according to the invention. 

The graph in Fig. 1 comprises on one axis a time scale t and on another axis 
a data signal value scale s. A curve 1 and a curve 2 represent respectively an 
upper and a lower envelope of a data signal (not shown) as known from prior 
25 art. A value of the data signal is at all times comprised between the curves 1 
and 2. 

The values in curve 1 are set equal to a value of the data signal if the latter is 
greater than the former. If during a detennined time interval At the value in 
curve 1 has not been increased then it is decreased by a fixed value As. If 
30 during a plurality of consecutive determined time intervals At the value in 
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curve 1 was decreased by the fixed value As, this results in a linear decrease 
of the values in curve 1 as Is shown in a time lapse T of the curve 1 . Hence if 
at a moment t1 the value In curve 1 drops from s1 to s2, then the time lapse T 
required for the value of the curve 1 to decrease from s1 to s2 is at least 
5 T = (sl-s2)At/As. 

The values in curve 2 are set equal to the value of the data signal if the latter 
is smaller than the former. If during the determined time interval At the value 
in curve 2 has not been decreased then it is increased by a fixed value As. 
During the time lapse T in Fig. 1 the values in curve 2, which are at all times 
10 smaller than the values of the not shown data signal decrease to a value s3 
smaller or equal to s2, which is the value of curve 1 at the end of the time 
lapse T. 

After the time lapse T a defect signal 3 is generated which indicates that a 
disturbance in the data signal has occurred. The defect signal 3 is generated 
15 whenever the difference value Ad = s2 - s3 is smaller than a predetermined 
border value b, i.e., Ad < b . 

The curves 1 and 2 may be obtained for a data signal which is a high 
frequency signal after readout of an optical disk, e.g., a Compact Disk, a 
magneto-optical disk or a Digital Versatile Disk. The disturbance which 

20 causes the HF to decrease in value and in its dynamic behaviour at the 
beginning of the time lapse T, and the curve 1 to decrease from s1 to s2 
during the time lapse T may be caused by a black dot pattern on a track of 
the disk being read. The intensity of light reflected by a black dot pattern is 
relatively low and the value of the resulting HF signal is decreased to 

25 relatively small values. 

Other causes for disturbances in an HF signal may for example be a scratch, 
a silver dot causing relatively high values of the resulting HF signal or 
fingerprints on the track being read. 
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The data signal may for example be a sampled HF signal, i.e., a HF signal for 
which discrete values are obtained at time intervals. In this case the 
predetermined time intervals At may comprise a determined number of HF 
signal samples. 

5 A defect signal should be high, if there is too little HF information available in 
the HF signal. So the defect signal is set to high if upper envelope minus 
lower envelope is smaller as a border b. 

The defect signal comes late for a black dot pattern. In this example, the 
black dot defect time is about 0,5 msec. The servo processing, working with 
10 about 200khz, will calculate the servo loops around 100 times, while in black 
dot. 

Better would be to speed up the envelope update counter for the envelope 
creation. However, there is a limit as will be shown later. 
The border value is set with software and optional a hysteresis can be used 
15 in all figures. 

The graph in Fig. 2 comprises on one axis ia time scale t and on another axis 
a data signal value scale s. A curve 4 represents in a simplified manner the 
value of the data signal at the time t. The time scale t is divided in time 

intervals A(n) = A(n + 1) =....= A(m) , n and m being integers and a value of 

20 such a time interval being equal to a determined time interval which may be 
adjusted depending on the required performance. According to the invention 
a maximum s4 of the values of the data signal in the time interval A(n) is 
given to the upper envelope, and a minimum s5 of the values of the data 
signal in the time interval A(n) is given to the lower envelope. A difference 

25 value Ad(n + 1) = s4 — sSof the upper and lower envelope values is 

subsequently computed, for example during the time interval A(n + 1) . 



New upper and lower envelope values are determined for each time interval 
and their difference value computed subsequently during the next time 
interval. The difference value is compared to the predetermined border value 
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b in order to determine a disturbance in the data signal is the difference value 
is smaller than the predetenmined border values b. 

During the time interval A(m- 2) a disturbance in the data signal occurs 
resulting in an increase of the data signal value. Such a disturbance may foe. 
example be caused by a silver dot pattern on the track of the disk being read. 

During the time interval A(m- 1) the data signal exhibits a dynamic 
behaviour which makes it appear relatively stable. The upper and lower 
envelope values are set to s6 and s7 respectively. During the time interval 
A(m) , the difference value Ad(m) = s6 - s7 is computed and compared to 
the predetermined border value b which is represented in Fig. 2 using a 
double anrow 5 for reasons of better understanding only. Since Ad(m) < b a 
defect signal 55 is generated indicating that a disturbance has occurred in the 
data signal. 

The defect signal 55 is thus generated in the time interval following the time 
interval A(in- l) during which the data signal has reached its relatively stable 
high value. No delay due to a linear increase of the lower envelope value as 
is known from prior art occurs, and as a consequence the delay between the 
generating of the defect signal and the occurrence of the disturbance is 
shortened as compared to prior art. The shortest delay may be obtained if the 
value of the time interval is chosen to comprise a rise time of the data signal 
from a usual value, like for example its value in time intervals A(n) and 
A(n+ 1) . to a relatively high disturbance value in A(m- 1) . In this case the 
delay to generate the defect signal may be comprised between one and two 
time intervals. 

Besides disturbances due to silver dots the invention may of course also be 
used to detect disturbances caused by black dots, scratches, fingerprints and 
others as in prior art. 
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The block diagram in Fig. 3 shows an envelope generator 6 which at an input 
7 receives an HF data signal and at an input 8 a signal representative of the 
determined time interval from a register interface 9. The envelope generator 
outputs an upper and a lower envelope signal 10 and 1 1 respectively. The 
5 upper and lower envelope values are equal respectively to the maximum and 
the minimum of the HF data signal in the predetermined time interval. The 
envelope signals 1.0 and 1 1 are input to a defect signal generator 12. The 
latter receives at an input 1 4 from the register interface 9 a signal 
representative of the predetermined border value b. The defect signal 

10 generator computes the difference value from the upper and lower envelope 
values and compares the difference value to the predetermined border value 
b. If the difference value is smaller than the predetermined border value then 
a disturbance is determined indicating that a disturbance in the HF data signal 
has occurred, and the defect signal generator 12 produces at an output 13 a 

15 defect signal. 

Fig. 4 shows an upper and lower envelope signal to illustrate the envelope 
generation according to a prior art solution. The envelope curves 1 and 2 
don't follow immediately the data signal. A disturbance or a fault F in the data 
signal therefore will be very late detected. 

20 Fig. 5 shows the result of using an increased envelope update counter to 
illustrate the envelope generation according to a prior art solution. If the 
envelope update counter rate will be increased more and more, as mentioned 
above, defects will be detected even if there are no defects. The major reason 
for this are the low frequency components in the data signal as for example 

25 the amplituded 3T signals in case of a CD. There is always a response delay 
proportional to the envelope update counter rate. Using double the envelope 
update counter rate will result in half the response time for the defect signal. 
Such problems have been solved by the invention as mentioned above. 
Fig. 6 shows the comparable result according to the invention by setting the 

30 values of the envelope signal equal to a corresponding value of the data 
signal taken in a predetermined time interval. A corresponding defect signal 
55 is immediately generated and no additional defects will be detected even if 
there are no defects. No delay occurs, and as a consequence the delay 
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between the generating of the defect signal and the occurrence of the 
disturbance is shortened. 
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Claims 



1 . A method for detecting a disturbance in a data signal by 

• obtaining an envelope signal for the data signal, and evaluating changes 
of the envelope signal 

5 comprising the steps of 

• setting values of an envelope signal for a predetermined period equal to a 
corresponding value of the data signal taken in a predetermined time 
interval ( A(n). . . A(m) ). 

2. A method for detecting a disturbance in a data signal according to 

10 claim 1 , characterised in that the computing of the difference value between 
an upper and a lower envelope signal is done in a time interval ( A(m) ) 

subsequent to said predetermined time interval ( A(m - 1) ) in which the 
envelope signals have been formed. 

3. A method according to either one of claims 1 or 2. characterised in that 
15 the predetermined time interval and subsequent time intervals are taken to be 

of equal length. 

4. A method according to claim 1 characterised in that the predetermined 
time interval ( A(n).,. A(m) ) is equal or longer as a maximum run length of 
the data signal. 

20 5. A method according to claim 1 . characterised in that the predetermined 
time interval ( A(n)...A(m) ) is overlapped used in a phase shifted 
manner 



6. A method according to claim 1 , characterised in that values of an 
upper or lower envelope signal are set equal to respectively a maximum and 
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a minimum value of the data signal taken before in a predetemnined time 
interval (A(n)...A(m)). 

7. A method according to claim 1 , characterized in that values of a lower 
envelope signal are set equal to respectively a first average value and a 
second average value of the data signal taken before in predetermined time 
intervals of different length to generate a mirror signal. 

8. A device for detecting a disturbance in a data signal comprising 

• an envelope generator (6), an input (7) of which receives the data signal 
and providing an envelope value according to a maximum or a minimum 
value of the data signal received in a predetemrtined time interval, 

• a disturbance signal generator (12) which receives signals representative 
of an envelope generated by the envelope generator{6), 

• a register interface (9) which outputs to the envelope generator a signal 
representative of a predetermined time interval (8) and to the defect signal 
generator a signal representative of a predetennined evaluation value. 

9. A device according to claim 8, wherein 

said disturbance signal generator (12) receives signals representative of an 
upper (10) and a lower (1 1 ) envelope generated by the envelope generator 
giving to the upper and lower envelope value respectively a maximum and a 
minimum value of the data signal received in the predetermined time interval. 

said register interface (9) provides a predetermined border value as 
evaluation value and 

the disturbance signal generator (12) as a defect signal generator computing 
a difference value by subtracting the lower envelope from the upper envelope 
and outputting a defect signal (13) if the difference value is smaller than the 
predetermined border value. 
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FIG. 3 
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